OBJECTIVE: To provide population-based, gestational age (GA) stratified incidence of mortality and morbidities. METHODS: Population-based prospective observational study of infants born between 23 0/7 and 31 6/7 weeks GA in the years 2000-2004 in all Swiss neonatal intensive care units. Outcomes measured were: mortality, severe intraventricular haemorrhage (IVH), periventricular leukomalacia (PVL), necrotizing enterocolitis (NEC), moderate/ severe bronchopulmonary dysplasia (BPD) and free of major complications. RESULTS: Mortality was 19% of 3083 infants. Mortality (95% CI) decreased from 95% (88%, 99%) at 23 weeks to 3% (2%, 5%) at 31 weeks. Short-term survival free of major complications was 66% (65%, 68%) overall and increased from 2%(0%, 9%) to 89% (87%, 92%). Rate of IVH was 8% (7%, 9%), PVL 2% (2%, 3%), NEC 3% (3%, 4%) and BPD 11% (10%, 12%). Males had more IVH than females (9% vs. 6%). Antenatal steroids were associated with lower mortality (11% vs. 18%) and IVH (5% vs. 12%). Odds of free of major complications (OR, 95%CI) were positive for female gender 1.2 (1.0, 1.5), steroids 1.3 (1.1, 1.5), multiple gestation 1.3 (1.0, 1.6), not small for gestational age 2.7 (2.0, 3.5), and each additional week of GA 1.6 (1.5, 1.7). CONCLUSION: Mortality and incidence of morbidities known to influence outcome show a weekly decline with increasing gestational age, except for PVL. Gestational age stratified data are a key component for prenatal counselling.
Introduction
The care of the extremely premature infant requires a multidisciplinary and collaborative approach by an experienced perinatal team. The dialogue between parents, obstetricians and neonatologists is complex because the decisions that are taken are of long term consequence [1] . Legally, parents are entitled to make decisions in the best interest of their future newborn but this requires that they are objectively informed on the potential factors influencing outcomes [2, 3] . Up to date mortality and morbidity data specific to the local population must be provided. As the incidence of most neonatal pathologies varies considerably with gestational age (GA), differences of one or two weeks significantly affect mortality and morbidity inside the large strata usually reported as very low birth weight or extremely low birth weight infants. Estimating the risk for each infant with the information available before birth (GA, estimated birth weight, singleton or multiple sex, and prenatal steroid treatment) is more accurate than with the use of GA or birth weight alone [4, 5] . The objective of this study is to provide population-based (Switzerland), age stratified incidences for mortality and morbidities for neonates born below 32 weeks GA.
Methods

Subjects
The Swiss Neonatal Network maintains a database of all Swiss infants born before 32 weeks GA. Our analysis included neonates born between January 1, 2000 and December 31, 2004 . To assure that all infants (≥23 weeks GA and alive at the onset of labour), were included in the analysis, the birthing log books or electronic data bases at all participating hospitals were verified by the Swiss Society of Neonatology assuring that still born infants were also included. Mortality rates were based on all infants alive at the onset of labour, whereas morbidity rates were based on all infants admitted to the neonatal intensive care unit (NICU).
Centralised data set
The data were collected through a computerised questionnaire distributed to collaborators from each centre. Completed data forms were centralised and checked for incongruities. Across all participating centres, GA was based on completed weeks and days of gestation based on the first day of the last menstrual period and confirmed by a first trimester ultrasound (performed routinely since 1980) [6] . Among the data collected, we focused on the occurrence of the following diagnoses: 1) mortality defined by death after birth or stillborn; 2) grade 3 and 4 intraventricular haemorrhage (IVH) using the classifications defined by Papile et al. [7] , based on the most severe ultrasound result during the hospital stay (per protocol performed by a paediatric radiologist or neonatologist at 24 hours, day 3 and 7 and then every one to two weeks until final discharge); 3) cystic periventricular leukomalacia (PVL) as defined by de Vries et al. [8] ; 4) necrotizing enterocolitis (NEC) defined as clinical signs (abdominal distension, bilious aspirates and/or bloody stools) and confirmed by radiographic intramural gas, or at laparotomy; 5) moderate/severe bronchopulmonary dysplasia (BPD) defined as an oxygen requirement at 36 weeks gestational age according to the NICHD consensus conference paper [9] and 6) Free of major complications defined by survival during NICU stay, no BPD, no IVH 3/4, no PVL, and no NEC. Treatment information was available for antenatal steroid administration (defined as at least two doses given 48 hours before birth). Multiples were defined as any non-singleton birth. Small for gestational age (SGA) was defined according to weight <10 th percentile for GA (10) .
Ethics
Written permission was obtained from the national expert committee for professional confidentiality in medical research to collect data anonymously on stillborn and very low birth weight live born infants for the years 2000 to 2004.
Statistical analysis
Groups were compared on categorical variables using the Pearson's χ 2 test or Fisher's exact test, as appropriate, and on continuous variables using the two-sample t-test. The Agresti-Coull score method was used to compute 95% confidence intervals (95% CI) for mortality and morbidity rates for the entire cohort and for GA subgroups. To assess the association between GA and mortality rate, we used a logistic regression model with a piecewise linear spline function for GA, using the Hosmer-Lemeshow goodnessof-fit test. A multivariable logistic regression model for complication-free survival was created by entering all variables of interest and then using backward selection to eliminate all variables not significant at the 0.05 level. All analyses were performed on a complete-case basis and all tests were two-tailed and performed at a significance level of 0.05. Analyses were performed using SPSS 15.0 (SPSS Inc, Chicago, IL) and SAS 9.2 software (SAS Institute, Cary, NC).
Results
Among the 368,055 infants born in Switzerland between the years 2000 and 2004, 3083 (0.8% of all births) were born before 32 weeks of GA. 2896 NICU admissions were included in the analysis of secondary outcomes (BPD, IVH, PVL, NEC and free of major complications), after excluding 187 (6%) labour ward deaths (stillborns and deaths occurring shortly after delivery). Missing data for outcomes was less than 0.2% of patients and missing data for antenatal steroid treatment was less than 1%. NICU admissions were more likely to be Caesarean deliveries, to have received antenatal corticosteroids and to be older and higher in birth weight. Singleton birth or gender differences between labour ward deaths and NICU admissions were insignificant ( rd quartile; range) was 1180 g (900 g, 1490 g; 370-3180 g). Of NICU admissions, overall survival at discharge from the hospital was 86% (2503/2896). Overall mortality rates for males were similar to females, 14% (219/1556) vs. 13% (174/1339) respectively (p = 0.40).
Mortality (fig. 1)
The overall mortality rate (95% CI) for infants born at <32 weeks GA in Switzerland was 19% (17%, 20%). Mortality rates were 95% (88%, 99%) for infants born at 23 weeks and decreased to 3% (2%, 5%) for infants born at 31 weeks GA. Between 23 to 26 weeks GA the overall decrease in mortality was 23% for each additional week of GA, which was a 3% daily decrease in mortality. The odds ratio for death (95% CI) was 0.34 (0.28, 0.40, P <0.001) for each additional week meaning that the odds of dying decreased by 66% for each additional week of GA. Between 27 and 31 weeks, the mortality decreased 5% for each week. Odds ratio for death for each additional week of GA was 0.60 (0.55, 0.65 P <0.001) meaning that the odds of dying decreased by 40% for each additional week of GA during this range. 
Free of major complications (fig. 1)
The overall rate (95% CI) was 66% (65%, 68%). The incidence of neonates free of major complications increased from 2% (0%, 9%) at 23 weeks to 59% (54%, 64%) at 27 weeks and 89% (87%, 92%) at 31 weeks. The proportion of free of major complications increased with increasing GA. This percentage increased almost linearly by an overall rate of 11% each week.
Figure 1
Gestational age stratified mortality rates and rates of free of major complications. CI for mortality is indicated by the error bar. Absolute number of total births by stratum is indicated by the N in (). Overall rate is indicated with the dashed line, 19% mortality rate and 66% free of major complications. figure 2 .
Morbidity (fig. 2)
Effect of gender, antenatal steroids, multiples, malformations, SGA and GA on individual morbidities 63% (1805/2860) of our study population received a complete course of antenatal steroids. Patients receiving antenatal steroids had lower rates of mortality (11% vs. 18%, P <0.001), IVH (5% vs. 12%, P <0.001), and higher rates of free of major complications (75% vs. 67%, P <0.001) but there was no difference in terms of NEC, BPD or PVL. Males had more IVH than females (9% vs. 6%, P = 0.003) and were less likely to be free of major complications (71% vs. 74%, P = 0.047). Males exposed to antenatal steroids had lower rates of mortality (11% vs. 20%, P <0.001), lower rates of IVH (6% vs. 14%, P <0.001) and higher rates of BPD (13% vs. 9%, P = 0.018) and free of major complications (74% vs. 66%, P = 0.001) than those without steroids. Females exposed to antenatal steroids had lower rates of mortality (11% vs. 16%, P = 0.003) and IVH (4% vs. 9%, P <0.001) and higher rates of free of major complications (78% vs. 68%, P <0.001). Table 2 summarizes the multivariable model for the effect of the above variables on free of major complications. There was a significant interaction effect between SGA and GA. The association between advancing GA and better outcome was stronger in SGA subjects compared to not SGA subjects. The association between SGA and worse outcome was strongest for subjects with shorter GA. 
Discussion
Switzerland has a population of approximately 7.5 million people, with an overall infant mortality rate of 4.5 (4.17F, 5.34M) per 1000 live births [11] . The medical system is regionalised with maternal transfer to a perinatal centre beginning at 24 weeks of completed gestation to allow counselling for parents. The Swiss Society of Neonatology recommends that parents of infants born at the limit of viability, 24 0/7 to 25 6/7 weeks GA, are offered initiation of intensive care measures considering the prenatal risk factors [12] : sex, prenatal steroids and singleton or multiple gestations.
Comparison of mortality and morbidity in time and between regions
A survey of premature infants born in 1996 in Switzerland found that the mortality rate at 24 weeks was 86% and 52% at 25 weeks [13] . When comparing our 2000-2004 cohort with that in 1996, the mortality rate at 24 weeks has decreased by around 13%, but the mortality rate between the two time periods for those infants born at 25 weeks has remained stable.
Overall mortality rates were similar to those found by other European groups [14, 15] . However, mortality rates between 23 to 25 weeks gestational age were slightly higher [4, [16] [17] [18] [19] . This is most likely a reflection of Swiss guidelines which recommend palliative comfort care before 24 weeks, and offer the option of comfort care to parents until 26 weeks [12] . We had no documentation of positive non-intervention for our cohort. After 26 weeks GA our mortality rates are comparable or better than those found in the literature [14, 16, [18] [19] [20] .
In terms of morbidity, the reported rates of BPD, IVH, NEC and PVL are comparable in the literature reported global rates as GA stratified data remains limited [15] [16] [17] [18] 21] .
Importance of prenatal counselling
Having reliable population-based mortality and morbidity data stratified by GA is an essential tool when informing parents of the risks implicated with extreme preterm birth. Guidelines for resuscitation at lower GAs have become an ethical issue where the opinion of the parents and the medical team is of utmost importance [22] . Population-based information aids in making these guidelines evidencebased. Switzerland's current guidelines for palliative care before the age of 24 weeks is consistent with that of other countries [22] . The information transmitted to future parents is complex and care should be taken to use mortality and morbidity information in a clear manner so that this will aid and not hinder the decision making process. Future parents should also be counselled that decision plans for treatment made before delivery are subject to changes based on the condition of the infant at birth and the success of resuscitation. In counselling parents, the most relevant information communicated before delivery is the mortality rate and the percentage of infants free of major complications based on GA ( fig. 1 ). Precise GA stratified outcomes are relevant and give more precise information compared to weight grouped classification. At the limit of viability, it is crucial that this information be age stratified as the overall rate for a population has a significant bias due to larger numbers of infants being born at a later GA. For example, the overall percentage of infants free of major complications based on traditional birth weight group classification risks giving an overly optimistic picture of outcomes compared to that given when analysing outcomes by GA. Multivariable models that take into account all information available before delivery such as gestational age, gender, antenatal corticosteroid treatment, singleton or multiple birth and weight should be favoured over those using only one variable [4] . The odds ratios related in table 2 show that being of female sex, having received prenatal steroids, multiple births and not being small for gestational age at all GA strata have a positive influence on the rate of short term free of major complications.
Strengths and limitations
Our study is strengthened by several factors. The data is population-based and thus gives the most accurate view of outcomes for our nation and is not biased by individual centre results. Mortality and morbidity statistics are stratified by GA and not by birth weight thus limiting an important bias in prenatal counselling due to the influence of intra-uterine growth retardation on mortality and morbidity [23] [24] [25] . Our study included all infants alive at the onset of labour and mortality statistics do not exclude those infants who died in the delivery room in order to eliminate selection bias for survival data at the limits of viability [26] . Despite a five year pooling of population based data, gestational age stratified subgroups for gender, antenatal steroids and multiple pregnancies did not yield sufficient numbers to be analysed meaningfully. In addition, this study could have been improved if we had had precise informa- 
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Swiss Med Wkly. 2011;141:w13212 tion on maternal antenatal characteristics and ethnicity data [27] , as these factors also have a significant effect on outcomes in studies from other developed countries. However, Switzerland has a relatively homogeneous Caucasian population [28] . Long term outcome data is currently being collected but not yet available. As this information becomes available, it will be necessary to integrate this data into the decision making process before delivery.
Conclusion
Our population-based statistics for the premature neonatal population serve several purposes. GA stratified data will help to counsel parents before a premature delivery and will facilitate the decision making process in the delivery room for the medical staff. This will also allow the surveillance of changes in morbidity and mortality over time. Population based information will permit individual centres to benchmark their own results with that of the Swiss population. 
